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being forecasted is non-stat_ionary' e.. g. J experiences' a step in the ~... ·--·-·-----··----·---··-- . -·---~--·-·······-• 
mean·,· the forecasting model .must be manually re--initialized at the new 
- - -
· 'l-e~el. This requires .. human intervention and subject;lve j\gment in an 
. ~ 
otherwise completely automatic process. · 
) .For application to this type ·problem the author has. developed; . 
tested and evaluated three forecasting mode_l:~;based on Brown's exponen- · 
·tial smoothing [2], but having a capability of sensing a new time series 
anp rap1dly adapting or re-initializing to it. 
! 
This is currently being done by ·the human fore caster whose good 
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~~udgment, experienc~_J ___ a11c.t data acquisi~ion capabilities may still · 
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.. ,yield a better forecast than the models· described herein. However,. 
and. this is the thesis, this superior forecast is not without cost .. 
If the difference in forecasts from a fully $Utomated system and from 
</.l 
the hUQlan forecaster can be diminished far enough, it will no longer 
be economical to intervene in the .automated forecasting system. 
. \ ~ 
: Jlll'J;_~~·~-. t_' ~ 
· · · . · It is. the pu_rpose of' this papei-t·~·tt-emonstrate the. possibilities 
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of cldsing thi~ gap. 
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For -some· products -'--~o_st _~s so high, req~irements so_$,p_ecial:i~ed 
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:and/or --demand so low that there is no :l.nventory and no need for fore-
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. -casting because the· manufac·turer simply makes. to order.-·- La.rge com-
_- puters\ are an_ -example of this class ·of product·.: However, a far larger 
r' 
class consists of .-prcxlucts for whicll the consmner :will not consistently· 
' 
wait for a long manufacturing delay and for-which demand must be anti~· 
r 
cipat.ed in the form of i~ventories. 
' 
Inventories thus serve the purpose of anieli()rating the effects 
of uncertainty of demand. · 
But, inventories are costly: in storage sp~ce, taxes, opportunity 
El-_:___------------~----- ---· ---
cost of invested capital and possible· o~solescence .. Hence,··they mus.t. 
be administered. such as to minimize the total cost of holding and the 
. ,. 
~----~~~----=-- cos t-o-f- being -ou_t --~&:f-- ,stock . -Accura·te . f oreca:s ting is 
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~ this purpose. 
Further, if ~ore~~{ts are· to be th~ basis of sho}> loading, accuracy 
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. is. very impor;tant. · 
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-· . -~~ --o- - . .---.,/ ., . ·- ·-- ,· - .--------·' ___ \ __ ( . ~ i - estimate of m.ean, period -~, and 
. ' . . \ xi - ·~ctual demand, \· 
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period i. 
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If we f.orecast any\ other value, 
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say i 1 + /J., ·where ~ is _-a ... small 
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(but non-zero) increment: 
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expanding equation 1 ... 2 ;. . II 
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Since the expe.cted .value of -,ri =.µ..and ,,the expected value of•,-
x = µ,, ( I·. 3) may · be rewritten:· - '• 
~ .( F.E). 
n 
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which is.· clearly _greater ( I .1) . 
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1.11 Forecasting Models _.: General . . ~ ~ . . . - .. --
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'°·";, . 
-some .. -general -obse·rvations. · -- ---------· 
-- - ------------,----- ---~~---:-
\~,, 
---·-·--· -------------------~ 
Fit·st ·, ·unlike physical-,· chemical or oth r natural processes, few. 
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econorrg.-:e time .. ~er.ie? ,,can be described. pr even · ppro,ci,nate(f· for all time. · \".;·"fl 
by any one fixed ~:~~ematical model. -- \ .· . . ·~: .· r 
- '· J \ - --..-- --., . - -
·--, ----- -· ---· - - . -- -- -- - -- - - ---- - -- •c· -- - -~--------~~-~ -------~, •--- . (r 
Secondly, there is little merit in ·proposing very high order and/or ~. 
. --
complex mathemattca-1 models for an economic time series unless these 
. ,, 
. ' 
models can be validated by something mo're than historical data.. ~co-
nomic ·series· are the result of many ·.interrelationships of causative 
factors and affected by .sociological·, psychological, multiple judgments --
and other factors that may never be fully accounted f·or. 
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1.12 Equally Weighted .Moving Average. 
Implicit or explicit in nearly all forecasting·models· is·a 
hypothesis about the gene~ating function.---T-he~-al-ly 'weighted moving,-
average concept presumes a constant model i.·e., 
d 
t 
a + € 
t 
., 
e · .. is random nois_ e, or· error \ t ,, . 
(1.5) 
·Th · t t " " f t - t 1 · b d b "nois·y· _"_ da· · ta d e cons an a \un or un~ _ e· y _ 1s , ..o scure . - y _ an ., 
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must be· estim·ated. ·. This estimation 
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. t- n ,. 
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~ d. 
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is: -----· .- ---
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. (l.·6) 
,·-,·· .. ·· .. ··~···. ·-·---· ..... 
,... . . .· .. . d -- demand·· at time t. 
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~ and we have- solved for the optimum set of weights tor linear forecasting 
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.80 ·(3.18) 
1.00· 
'· 
·(3 .19) 
...o::· 
L = vector· of autocorrelation coefficients lagged by lead . ·---~·-:·· .. , ·.) 
time 
-Tl\us 
J _, 
1.00. 
from this we . f incl 
.80 
0 
w = 0 
0 
·.so 
~-
.64 
• 5-1 
.84 --- . .i. . 
1.00 
.·80 
.64 
'1. 
. 64 .51 .80 
.80 .64 il .64 
.1.00 .80 w 
-· 
. 51 (3 .20) · 
·.so. 1.00 . ' .41 
• 
!' .... ·•• 
" 
·--_ .. _ - - ·-·- - -- ~- (3. 21) 
. ' -·''. '·' -~ .,. \ ' -, . .. ,--·~·-·-···""'"-~•-""'c"""--,~--·-··--' ---~---~~-·--·-~-·. 
,. ' \ • I ,' "#_.. 
Table 3 .1· shows how· the siimpler_~~-PQD.ent~tai-."-Jsmootbing. a-ppr-oxim~ates 
...i .. 
· ·wiener's optimum weights. .. ~ . 
- I 
• I 
\, 
,· 
.. 
24 -- ··:4~···- -~-- .· .. ·-·--·---·------- - ·----,· . 
. .._.. . ' . 
. ·"':.,• ' 
. !. 
-·· •' ..... 
. 1' .. • 
,·.,., -
. . .. . 
.. ,. • ~ :. ,._ •t 
) ' 
.,. . "'. _,.. ' .... : .· 
' ' . (J ' , , •, 
~ ' . 
-------·--·--· 
,'!' 
:"'. ,.'i - ' 
., ' 
.. 1----
. ,-' ' 
--·---· ' 
. . 
,
0
.,,,,.,,,,.,,n,,c,,,,,,., ... ,-•.=•O'"-···,,, ......... -··•••••.,., . ., .. , .•... , '.•. , ., •.. , ·· . , , ...•• , ···- . ,-.---··--··--'-• •• ·-• ·-·· •».-••--··.•·•· 
~. I , ' • 1.---;--' 
-, - -
_.-- - ----c: - . 
~ . 
' 0 
--- ... ·--
,l• 
' . 
. --=---~-~~___.,~. 
.. ,.. 
.__;,. 
,.. /' 
. -- '--,-,,,:--.- ~--
' -
. '. 
, ":""'r:.7'<",-,-,":;·•~•'ff~.._..._ .. H._,~,."Y-::;~-:-'~\~: ~-- - , 
',.,.. 
I. 
',w.. 
i...li, 
,. 
,--------,:-'" __ . ,. 
- ..... -: .. 
· . ..:~-r .. 
., . 
. .!'..._:..,_ ----~------·--------- ___ _,. _______ _ 
i l"I • • 
Table 3 •..,;1;;.., _______ .;_. _____ __.., ____ t_____ . _______ _, 
-_Q.».'t.it1l\11Jl \ __ 
Weights lag 
k 
0 
., . ··~·~- r · -
---........... -~-,--··---- -- ....... s _____ .. ~-,-_._ ... 
.. ---- --
-------· 
.. Bxp. 81100.thine: 
Wei· hts a - • 8)_ 
~-=-------=-~--=--
\· 
.-•ti 
.L. 
,..... __ 
.. 
----------~----- -
-- .. - --- -::::-
----· ------'---~-.-
~------"---------t:-------
1 
--2 
0 
. 18 
o· ... L . ' 
,\ ~ 0 
-The s·1gnifican·ce is· 
. --- ---·- -- . -----.-- -----.--
this:. f_f 
higl}. degree 
a set 
. ht " Weig S • 
\ 
of autocorrelation, an 
high, closely parallels 
We will make use oJ' t.his 
~-:::: ·----~:-OIL~~~','C-""-----=--~·-- - ----··----------: - ....... ,. . 
• 0.084 
have -a.ti•- series 
. \ that has-· a·· 
smoothing scheme with 
the results of Wien'er's " .. optimum 
in all the models to
1 
some extent 
,. 
but p~rticularly in the "s 1· " a VO ,model. 
J 
\i •. 
;.,,....... 
(. 
i. 
•.-.:. 
l"' 
.-- J_ •• 1 •,-"-· 
-.~ C, 
.,..,_ •. , 
·.T. 
--~· 
···.·i -
'' ...... 
I•. 
·--. -,-.-~--:·.-·-.-.------~-:-;-----·--·---.- - --. --· --·-.----.-:---~.--:----. 
•' 
. ~. 
~·-
.,·: 
-.I· 
'~-
... 
... 
·-------------~ . _____ . ___ ._,:,__~----_ __:_ .. 
,I------· ---~- . ·-·---· ·- - . ------. . . ' ----'--~----~-·.........:.....--. 
-_·!-
__ • _______ ,_ '°'L-· --· -· 
.... (. \ 
·-t. 
. .. 
_,_, 
25 
• .•'ft'. 
. ~. 
.. 
- - ---.---;--
''·· . ' . 
... 
... 
,ti··. 
. ' 
I . 
'· ·,, 
... 
- -.... , ' . : _ ..... - ..... --- . , . 
- _[ 
1. 
t 
J 
--------~ 
· .... \ •. ~-~-~::~ •• -,...:;~-""'~,..,;..; ... ; .. ~ .... ~~",Ii 
' ' ~~ \ ' 
.. ·····(, -
;; y:~\ 
'J. .' . .'· . ~""~.·r:; 
,~ ... .. 
':'\{ l 
:".~ \.._, 
... ' ' ~ . 
. \. 
• . ': • : ••. !" ... ,-- -. 
. it 
,·. 
'/ ., 
' . 
-· '-· ---- --··--------~------- _______________ :_ 
!' 
' " . 
··- ~---·-·---·: __ ,.. /·-----------. -
'.·'· 
_:, 
_... ·) 
•:,. 
:'.'I 
•:- . 
< ' ' • - ., - _·· \~-~ ~-.-. : .•.. \ •• \·<:? '•'} __ -\· :,::.?-::\'.~'.:,/,!\··· / ~-.;·· ... • • ~-: - -, __ llo' - \\ " . ,. . ; . ,. ·1 .. ·. ·., ···-- . ·, ''· ,.• .. ' . . . < t -·~. \I .• "• .• ' ....... ---'---~-.. . .. 
'-.-. _---.-.-~:;,.•- --:-·:•____..---::-,-•; '·•_;,·• •.. ·1 ••-1, --~·•·:,. - ·,i:,,:·.:_·•:. ·~,; :· .'-~--:.\,-'" __ ;, - •· :.~-••.-·~-_-•_ . :-•: ' !I"•·-·••-.-:--:--,-•- - . '~ •·--: .~,-·.:...,.~ •. ~,-'_. 
ii· • 
··-
··--·· _:_•-:- ,· ~: 
-· .. 
. .. _.:-
'· ' . . ' : ;J . -... ' .. 
' ... ' I 
' 
~·-· _....J 
~ '. 
• . ,-·-; ••.•• -;> • 
-~----~-~---:-~.--:-:1". ::•..: .~ ..---:-_ -- • -==--- __ ..., .~---- ... 
... 
. ' 
- : . ···-· -~- . 
, . .._;., 
-
"v"-· 
. - .... . . 
,:: 
' . \ . ·-: 
·---·--- ( ' . CHAPrlJl --· · IV \. t · .. 
Cr , ; • ,, . 
' . --· 
,;>, 
. . . 
L ........ ,._ .. _,.. _ _.• 
:f~ 
' .'P: 
. [-~ 
. ,, 
\ - ~ '· 
............. ··-_·.--:--···D;···m_n:w. T "PME. NT . 0°.. ~ nA __ -Pl'· --_··-I·--VE·--. EXPONENT' 1· AL-;c:-:--~-~s-·UINW.·e·· •1··:·~----···--;.._-.-n:.~ ~-~~~=~~~~:-.::::. ~-~ cc-::.··-~·~:---~,.-:=.:~···~::~--~-..:.~ ... ·-··:;- ~~ D.Y DAAI. ~- IU.Aft.. IIIUU.L· .RU'. ~ - .,.-·--------· ._..:.._. ________ ., ____ ··-:---·-··--............ ----
. . - . ' , ., . '. . ' .. ~ . 
. -·· . . . I~ 
. - . 
. . : - - ·.... _._ ...:: 
.. . . ~ . 
- ~ •, 
. - . . --'. 
_,.. __ \ ~,· ~ • ' • • •c..-·- . 
r---~---'---'-----,-------'----4-.• --:..6:• . ......, .  --. l-nt-rad-ue0t-io~ • -7~-•-,- : ---,--- •·-;-•-••••••>•c•~----·;--•••-•~-~----=== • ,,'. ~ ---C--~-~-~-. ·'·----. •-,---·-••• ----- -·----·· -- . --··--·--·---------· ------ . ····--·----- . __ ··- -:-
- - --~-
...... ., .. '' ~=-~~~~~~~~-h~~~~~~~~~~F~«-~~~~~7=-?~~~f 
. . --·· ·-· . . . . ,... . . . . c; . . '. - ··········-····- ·····-·· -······-- - . 
( 
.;. C!,".'.: - •... ••·• ••• • • • •. 
Q, .. • • ), 
. · : ·- .. . . determining the. characteristics of· a fore-casting model. 
,,_. ·----···--;_,, .. ,--····-.····-· - --- . . ----~·-···· . - - . 
.. 
The _literature 
; ~- _ .. · ,--·····---,:~-:~---~~--~-~-.:._"_~-.,-----:-c--on: .... e.ff.orts .... taward an ·optimum smoothing constant. is briefly surveyed .. 
-, \ 
'i --- . 
< 
i- ·--· •~ j • 
\ 
"-"\!_ 
\ 
.. 
- ! .'" 
(_ 
., 
! 
• 
Next, the basic · structure ·and the -e·rror sensing techniques. used 
·in.common_by all three forecasting models are described in detail 
. -
along wi t_h · the'ir statistical characteristics. 
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Finally, each model is developed and described :matJieniatically,~with 
supporting arguments. 
4.1 Setting the Smoothing Constant 
We note that the smoothing constant/ is quit~ important because of -
its effective.d-iscounting of old information. Three important char-
acteristics of a fore~asting model are affected by the .smoothing 
constant: 
1.-------T.he sensitivity of· the model to real changes in the pattern_. 
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of a time · series~-
2. Forecast error. .'. . . 
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The, practical sen·se of _this smoothi~g is to disregard random fluct- -. 
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The required 
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Second orde! smoothiµ~ r,eadi ly adapts· to linear trends. 
Highe.r __ ·.order ,- even- trigonometric gene-rating-functions -e.an. 
be tracked reasona.bly wi ~h the second order mode 1 pr!)vided 
. . r 
the functions have long time period's. This is not an un-
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(4) .The pa_rticular .applications "for which this model was devel-
- . . r-· 
oped are somewhat les'S random than classical stochastic 
~ processes, i.e. , more subjected· to contamination of the ·' · 
_ . natural generating funct.ions and frequency distributions. 
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A ·second important consideration in model development wa-s·siin-
plici ty ~ Simplicity of proces·sing, computation, and logic. This · · 
required certain·ai?pro~imations and heuristic approaches where more 
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eloquent models might be more defensible statistically. 
For example the ~hoice ·of mean aboslute error as a measure of 
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. \ forecast. erro-r- rather than the more common r-oot--mean-square error w_~-~---
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SUBSTRACT and SET SIGN PLUS --for accruing absolute error .• The RMS 
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The effects of this ·method are three-fold: (1) it saves core 
space, (2) · it saves computation time,· and (3) it gives a.better 
' . estimate of the current value of the absolute error. ------· ···-· --·----·-- ·-------··-·-· . ..;•- ···-··--~·-·· ... ; ·-·-----···-
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We have the following.criteria for a choice of·such a statistic, 
· it: · (ll should be relatively insensitive- to the form of the- frequency 
distribution of the time series, (2) should be easily computed, and 
(3) should be statistically meaningful in order that safety· stock 
II •• ~-'", ,. 
lev~ls and othe·r management policies may be specified in terms of it. 
The absolute error has. the above desired characteristics. 
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The 
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ratio ·of the mean absolute error to the standard deviation of several 
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distributions, 1s given, be low·· in 'Table· 4. 1. \ ' 
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It is 1then sufficient for our purposes to assign a value to K 
· of, say 3 and be about 98% certain that,. when the absolute error exceeds 
the expected absolute error by that amount, .we are observing another 
time series. - • I 
4.3 The Ratio Model 
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This mode 1 1s-·-the simples-t-·-of--the thr~e.. Forecastt'ng is b¥ _second-l •I 
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\ ~ ··, 
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order exponential smoothing·. The smoothing constant is adjusted between 
upper.and ·lower limits as a function of the ratio of 2 estimates of 
the mean .absolute forecast· error . 
I, 
,,,.r . These 2 estimates are called the -"fast'.' estimat·e and the "slow" 
. , 
estimate a.nd are made by first order exponential smoothing e.g.; 
" A -
f 
+ (1 - ·a ) A.· f f 
.. (4.3) 
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·_a.l• 
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,: r ' --, 
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A.,_ 
f 
new_ "fast" -estimate ·of mean absolute forecast error, 
r 
-cx - "fast" smoothing ~onstant, simulatio~ runs indicate 
f 
.. , .. 
. r' ... 
a value of about . 25· is sa-tisfactory·~ _ 
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The slow e.stimate . is made identi~~lly e_xcept a smaller smoothinJ ... : ... 
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constant is used. Simulation· studies ·ind-icate a value of about·. 05. · 
The te.rms "slow" anq "fast" come about as follows: The centroid 
"\. 
of the exponential Weights applied. t,o old data is analogous to the 
average age of data in a simple moving averag~. 
The position of this centroid. in time is determined by the value 
r 
· - ······ ., ... ,, ........... · - ···· of. the smoothing ..... ~onstant. If we let this centroid define the average 
.......... 
-·~ 
-- age, n, ,of the data; 
- - ------·----------~--""---------------
n = ~ - 1 
~ (4.4) 
-Like a moving -average, the response characteristi.,cs of the first 
order exponential smoothing models a.re a function of the ave.rage age 
of the data. For the fast mcxJel 
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For the slow mcx:le 1; 
. -/ ; 
n _ = 2/. 05 - 1 
=·39 
·" . 
, (4. 5) 
\. 
Thus the fast model -res·ponds 39/7 or about 6 times as fast as the 
slow one. Or we ~ay say it is 6 times as sensitive. --. 
. ...... 
. . . The .model works like this: · Given that we are tracking a stationary 
. •, 
.... --··-· "~--·--·-·"· ... .,- .. ,-.... ~., .... ' :_--'= \ 
..... ---·---· .. ;·="-~----'. ... _____ ~tim~-~.~i-Jes .. , .. 1:.be·.· expected value of the' two estimates are the same, s·ay'" ----------· -
i' ·. 
. , ' 
.. 
•,/ I 
-.-~·i:c-· 
• 797 times the standard deviation of the ·series for a nobia1 di·s~ri-. 
bution. u ,,\ 
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-model is a functi.o!l· of the. ratio of the slow·. and _the fast estimates~ 
-'\ ··-
T.h us,. it also oscillates with small ampli tudl~ and periodicity · about a · 
--- •/' . •.,. 
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·Howeve-r,. a s:tep .in 'the me~h of the se:ties, drives the ·forecast 
' ., 
error up. It is sensed .. first by the fast estimate. The ratio drives_. 
the forecasti~g smoothi~g constant towar4 an.. upper bound commensullate 
-- ~:~--. . .¥' 
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to-the size of the error. 
Conversely, as.we come " . " on track , the diminution of the error ·1s 
sensed fi~st by the fast estimat~· and the ratio is such as to drive 
the second order forec_asting constant downward toward a lower bound • 
. This manipulatlon of Q' is descr.ibe-d mathematically and graphically 
below. The .. net effect is. to raise Q' when a basic change in the time 
f 
series is sensed to allow_ more rapid tracki11g •.. ·Where the series is 
trul• stationar.y,_ a is diminished for· a forecast·- with low variance. 
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Let a' be th~ value of the smoothing constant, time,,:~t, 
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. ~f - the fas-t estimate of mean absolute forecast error,-
A - the slow .estimate of mean absolute -forecast error, 
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a - the up.per limit for the adaptiv:e sm9othing constant, 
____ , _______ m~ax__ _ . _ _ _ 
Q' . 
· min 
- the .lower· limit' for the· adaptive smoot:hfng constant, 
' 
' 
;1 
··-· --------·----------------- -~ 
. -
I· 
--·- then;·· · 
. ·- ....... ·-- '" ... , •. •,.c..• .... ,., .... ···- •.•. ,_ ··)r "· ,,._ •.. ' - - ... . 
--·;-~--.- ·- •.. $.: ..... .,..,. ....... ___ . -· 
- --- -· +-··-·-.-. ·-·~---,c--c-===-=-~.:'- . - - ~' ' -
.. 
-----~· .. ~---~-
.. 
. \ 
- \ 
·\ -'!" . ·:;'liil 
' - \' 
.,.,. - - -. . ·: 
~---. 
'1 . 
1l·,-
--1__ _ __:_ -~-- .. --· ----- - ____ --· .- . - - -
·, . _.,. . -
. -
-- . 
"' ·' . 
. .,. . ~-
\ 
\ 
- -
'• 
I, 
'-...' 
33· . . ·. 
,---------,-- .. 
• - .·1 • 
,.._, .. , 
\ ' . 
·, 
·. I.·" 
I-, 
...... , ............ ~ .. , ... ,, ...... '. .. 
-- ·-~- ___ ,, ___ .. 
' ~ ' 
. . t 
\· 
.. ,- ' 
t· -
'-~· f' ~. 
":''' 
' - . 
- r'. 
•., 
~ 
'-
.. ,_. 
. if' 
s:j 
f 
. '•~,_., \• '·• I: } 
. l'-l~- !, . (l 
. " .. 
.,_-.. 
'i I . 
~ ~ . . . , "~'-""'''V 
' • , . ..i. 
r, ···,.' 
I ~ ' ' . . . 
• ' ,.<· • ·- •. ,:. - ···-.\ : -~ d '. ~ ."' ;' 
f: . . 
,_ :. ' .. ' • -. .•.•. ·-..I ... -, ... _ ..... , 
. . . . 
,:,\·' ...... . 
• .. · · .. ;_, 
'-, . •' ., 
., 
.,, I ~ .•·, 
..... • . . . 
... ·· .. ·. . 
·' 
~-b. '-~··-· •. . • ' . • . - • -~ ••. · ....... ·./' • ' ··--·- ·.··.·_ ..,, ___ ,, ........ ··- ··.·-·.· .•• _· .•• · •• ,.:_ : ••..• : ... :... 
. . ' . •. . c..~··.t ii ·- - ' . --·· --···-·-.---~ • ··a:_· ... -.. t .. , • . _, •. , ' -).,, . . 
' . :·:",_ : :';:;. -,;· ' ';.. -~:·. _:_:_;:·t. ---•-- · ... ---,~:-7:~c,--,--- _,_,~~:~?···.-- -_ .. ::-·· ... ... 
. . .,,. _· ,• ._' -_ .. ---·····-.--.-·----'· 
--~--- -~-------·--··- -- .. ·----------,-
. . -~, 
, • ,~ I 1 
- ·---------. -.-- - . -
( "· -··- ----. ·-·,-·,- .. .·a·· - a· 
· - · t-l -· ·. ~~n-~ 
-·--·-~~--····--· ···-·-·····--·- .. --..,.· ------···-.· ·: .·._· . ' .'' '· .· . . - ,. 
--·---------'-'-----,.--~--·: .·.-;_,...;.,,,...: ; -- ·-1- : ···-----·-·--.·· -~- .. ·-_.·-~ .. - -~·-. ---·-··;:.::: - ..:._; . ...,.;,_..J.-.,. .. 
I'' ,\,. 
•, .,"' .. , 
_.. - - .. !.,_. 
,-...... , .. 
: '.' 
' 
' \ 
~==========-====================================:::::::::::======-~--· 
·~··· -.·: 
~ ... 
L---------·--·••-•'·• ·-• _., .... ,-···--
. . . 
--------,·-- .. ___ -,.,. .......... __,_~_- ----... -----..------~-··-----~~=-----------·-·---- .. --- . _, ~,----,-· ~-·-----·- - -- -
--··· , ...... ··----·~-
•, -·. 
-· .. ·--. ···--· .--·-· ---..-----··- ~--·' ,· . .. .. . ' ... ·-- . 
.. , -· . 
..... : ..... ,_ . .,--.:~-- .. ·.,.·==·" 
...... r. . 
• -- ·,t -
. • -..;;..--=-:=__·,.:-
· limit,. for ex • ':- -·· - -~- -- . ... .. ~·.., 
' . . . '... . - \ 
• _:-~- - •• •.-:- _...J __ ... , r... - .. ~~-J ·-'.-·-----
.. 
We should . at this pqint -discuss more ful.ly the~e upper and lower 
' bounds for the ·adaptive_ smoo~hing constant. 
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. 3 models. 
'·t· 
-~ ... ---- -· 
The 
. ' 
value ·· of ~ 5 was ____ chosen because:. ·- (l) 
They are used in 2 of the 
-~ * 
·aro,iri · ..shows that a 
.... -'------ ~=··=·secmid_:·~or.,de.x,,~"mode.1,,,_with"~"a~:::. ~ 5 will track a time series step function 
--~ .. :.· __ _:..::.,._ 
/1·. ' .. ·.· . 
,, - . ' 
._ . _" •, ...... '·-
•'.' ' -
' -· . ' ·• 1 ·. 
-
... 
·' with a delay of only 2 periods, (2)·· second-order.,models have a tendency_ 
I . . . i. 
With O! = · ·• 5·, s imula,t"ion shows an optimum balance is 
·t·c ····-·---------···------ ---····---------·-----··--· 
achieved between overshoot ·_and time lag. 
As tor the lower limit , . 025 was used in the main ezperiment. 
' l 
This value· was somewhat arbitrary. Empirical studies on the Plant O 
,1 
data show this ,value to be satisfactory. Little difference was observed 
,, 
--· 
l . 
., for values of . 015 · to . 03 0 (see Appendix IV). Secondly, the lower, 
I -
- -
quiescent value of an operating system.might be set by one- of the stat-
. < 
-., .. -,-"'--
' 
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Fig. 4. 1 
Figure 'l. l illustrates·!·an example of an adjustment on Ci. A < A 
f s 
.. -
so the ratio A / A is fonrted~ 
f. ..s 
... 
The distance a is d'riven toward J the lower limit, a is propor- ·· 
-min 
tional to the distance of (A·/ A )t· from 1. 
'f . s 
.. 
·• 
.-
-~ The operation· of the model on tracking a step fun-ct ion is graphic-
~ '~ . l!i, 
a1·1y ShOV,Jl in Appendix-III. 
.. 
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Some final comments on this model: 
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(1) It continually adjusts et thus· requi:res_ more computatiop. time· 
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that the "Panic'' 'model to be described next.-·.: 
·~-(2) Alt hou,gh very simple·~, it proved very effective and was far 
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superior to ,the fixed second" order ·model j in __ ~f.orecasting 100 ,'. ··· · · ·· ···· ·· ii~-.--
't' ' products over 50 periods. 
' (3 ,-· It'is sus~eptible to one type of non-stat:i.onartty; increasing 
'\ . 
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I. 
var.i_ance. In the_ e~periment- to be des.cribed in detai 1 later,\ 
~··! ' 
one time series demonstrated ~inearly increasing.variance. 
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The modeJ is an adaptation·-of the coticept o.f 
:, .. 
- _- .:-___ -- ·,- ·-
____ L_·---~-~--..,--____ ,: __ .,c ____ .!'pariic" model (described in [2]) the smoothing constant, a is set to 
.C:.\ \ .. 
;1/, 
'/~ 
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~----__ _:____~a......___.l..-arge--.value when some radi-cal change, in the detnfl.n_d·.~_patterri is sensed. 
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-This \larger a is· called _the ''panic· Cl'", and serves to rapidly adjust the 
-.. __ ,, ___ -····· -- -· -·-·-----·-- -··--d ·-· ' ·--···--·-. ---···- __ ... _ ... --·----- -- ---·-
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fore~asting system to the new conditions . 
. The model described ·and used herein is somewhat different in 
that: 
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. - ', . '~ . •.; 
-----···----------·-----------·----~ ...... _ 
. · (1) Non-stationarity is se,t1E:1~g _____ aut_omatically __ ,t_hr_ough--the--estimate-
c• of mean absolute forecast error covered above . . J 
(2) , The value -to which a is. Ghanged is not fi:xed but de.pends __ upon~ 
the amount and direction. of change of the mean absolute fore-
rr 
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. ·----. . ~! 1 • 
cast error, and ... 
(3) The increased value of Ct is not ~ed. -for a fixed length of '\ 
.. 
' C 
time but depends upon the·characteri'stfcs of the ·perturbation 
I , 
(). 
"that caused ···1 t. 
---·-·--··--·----=--·---·_-_-.·_ --------~ __ T_b~- basis of the forecast is a second-order exponential smoothing 
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,!' •• 
· model with adaptive smoothing constant. The recursive equations for 
:~setting this constant are: 
·o = A / A . --
. · · .. \ t · t-1 (4.9) 
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- estimate of 'mean absolute forecast _erro~, time t· · 
. . .· -----
R = (2.75 ~A ±:l) / D ·. _: (4.10). 
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t-1 
lt R > 1~ i.e •. , forecast error was within a reasonably expec-ted range. 
·:..· 
The a 
max 
and a are as described under paragraph 4.3 above. 
min 
We found the values ~5 and .025 to be best·generally. !J 
* This may be shown as follows: 
Let the forecast error· at t = 3.75A ·, 
t-1 
i. e ~ , 'X 
t 
A·. 
but 3 CJ 
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.I 
forming 
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A 
A O!A (3 cr ) + (1 - a ) t X A 
I, 
3. 75 A hence: 
t-1 
A - a (3. 75 A ) + (1 
-t A - t-1 
the.ratio (equation 4.9) we 
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/ A 1 t-
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The forecast- error must be _ smoothed fir.s~, then analyzed -to .pr,vent 
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. ., a ·random zero error from dropping the modei·out of .a panic condition \. 
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The' •jor diffe.rence between 'this mode~ and the Ratio mod.el _ts. 
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: • '__c,"'---'--: _,:, __ that a :i,s nOt continu(!usly adjusted. -1 Only a 3 er error 'trig;rs the ·· · ·· --- -
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use· of a panic a and it is diminished back to -the oi_-~i1tna1· value as we _:__ . ' . : . . : .- - r -
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come on track ·-. It will be noted later that some time se-ries fore~ - --:-··-:-,, ·-:---------=--......,.......: __ -------- . > 
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_results . \ 
Sunnnary cononents on this model are: 
1. There is no continuous low level -oscillation of a- as in the--
·-Ratio model. 
.. --
2. Beha-vior is quite stable with an increasing variance condition. 
,-
3. Response is rapid and adequate bu.t with some overshoot when 
- ~- ~- .. .. -· - ,·< • -··· -
'the time series incurs a _·step. . ' 
-r 
. -- 4. The model cannot capitalize on an interval of essentially 
--
constant d~mand. . (Tjlis is: an· anomaly often seen in the de·mand 
data used i.n the main experiment). 
5 • 
. ,, ;. ,, 
The panic routine is called in only on demand, conseq:uently 
. 
computation time is g~eatly diminished over the Ratio model. 
4. 5 T~e- Salvo -Mode.1.;_, 
\ 4.51 The Salvo C~ncept -~-~ ___ .,,,____ .. 
·T'";,,, 
Mayer [9] · deri~es ~nd presents -some· concepts on _a method of fore- .. -
' ~ -·-·· 
·; -.- .... 
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.casting he terms a Salvo System of Forecasting .. The term salvo come·s ~ 
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